We show that the correct entropy, temperature (and absorption probability) of non-extremal black p-brane can be reproduced by a certain thermodynamical model when maximizing its entropy. We argue the relation of the model and the geometrical similarity of black p-brane and R p AdS black hole at near horizon region. We also argue the relation of the maximization of the entropy and a saddle point approximation of Euclidean path integral.
Introduction
The microscopic mechanism of black hole thermodynamics is regarded to be explained in quantum gravity theory. String theory, the leading candidate of quantum gravity theory, actually explained a black hole entropy by a microscopic model [2] . A certain D-brane model exactly reproduces the black hole entropy including its coefficient. The consideration is based on the supersymmetric nature of the black hole, which ensures vanishing quantum corrections so that the string -D-brane model defined at weak coupling region reproduces the entropy in strong coupling region. Due to the similar supersymmetric nature, AdS/CFT correspondence [27] , a correspondence of supergravity and SYM, have been providing various important results.
On the other hand, when the supersymmetry is broken, the relation of models in weak coupling region and supergravity (of strong coupling region) is unclear, since the quantum correction is unknown. In general, it is difficult to directly relate a string theoretic model and black hole thermodynamics. However, it is important to consider thermodynamical models which describe black hole thermodynamics, since one might find a clue to understand nonperturbative property of quantum gravity theory.
For example, [4] showed that D3-brane and open string gas model provides the microscopic description of near extremal black 3-brane thermodynamics, up to small discrepancy in the coefficient. The reason of the agreement without supersymmetry is explained in [26] [28] [29] , and the reason of the discrepancy of the coefficient is studied in [6] [7] . In addition, [5] showed that the supergravity result of the entropy of the near extremal black p-brane has simple relation with the temperature and the charge like S ∝ q a T b . Surprisingly, [9] showed that D3-brane -anti D3-brane model also provides the microscopic description of Schwarzschild and non-extremal black 3-brane thermodynamics, including its absorption probability [37] , up to additional small discrepancy in the coefficient. [10] [11] extended it to general neutral p-brane and showed that similar method can be applied to get the correct entropy up to coefficient. It is also applied to non-extremal black p-branes, multi-charged branes, rotating branes [12] [13] [14] [15] [17] . Recently, [48] showed a relation between the thermodynamics of chargeless black 3-brane and D3-brane -anti D3-brane system, in the supergravity framework.
All those thermal models for black 3-brane have a common propertyit is described in T 4 model, i.e., the thermodynamics of black 3-brane is described like R 3+1 massless field in finite temperature. This might indicate a correspondence between gravity and other massless theory. In addition, all those models are "extended near extremal model", i.e. when the thermal energy of the near extremal p-brane is described in T α , that of the nonextremal p-brane is also described in T α . In this paper, we propose an expression of a "phenomenological" thermodynamical model which provides the correct entropy and temperature and absorption probability including coefficients. This expression does not yield additional discrepancy in the coefficient, and exactly reproduces the supergravity results. Next we show that a geometrical similarity exists between the near horizon region of non-extremal black p-brane and (conformal to) R p AdS black hole which is locally rescaled near extremal black p-brane. This geometrical similarity results in the "extended near extremal model" which we mentioned above. Our expression contains the correct rescale factor and that leads to the correct entropy and temperature. We also show that our thermodynamical model is in fact appropriate for blackbody radiation of non-extremal black 3-brane, by considering the action of the dilaton field in the low energy region. And we show that the correct absorption probability and greybody factor for non-extremal black 3-brane are also obtained by substituting the "freedom of the gas" of our model to the near extremal result. We show that this exact agreement is due to the equality of the scalar field equation in black 3-brane background and R 3 AdS 5 black hole background which is locally rescaled near extremal 3-brane. We also show a relation of the entropy maximization in our model similar to [9] and classical solution of gravitational field which minimizes the action, in terms of Euclidean action method for black hole thermodynamics.
The organization of this paper is as follows. In section 2, we briefly review on the black p-brane and the related geometries, and the thermodynamic quantities of black p-brane. In section 3, we explain our thermodynamical model ansatz. After introducing the ansatz, we explain a geometrical similarity between the black p-brane and (conformal to) R p AdS black hole geometry, and show the agreement of temperature and entropy and absorption probability related to the geometrical similarity. Then we argue the adequacy of our ansatz. Next we explain the relation of the maximization of entropy and the Euclidean action method for black hole, and show that the maximization of the entropy and the minimization of the action have a relation for neutral black p-brane. Section 4 is the conclusion and discussion.
2 Black p-brane thermodynamics and related geometry 2.1 Black p-brane and its thermodynamical quantities
The black p-brane solution in 10 dimensional supergravity of 1/2 BPS in the extremal limit is described as extrema of the following supergravity action [5] 
the metric of black p-brane solution is:
where
3)
4) µ : the horizon radius .
(2.5) (2.6)
The extremal limit corresponds to
The total energy E, the charge per unit volume q of the black p-brane are 11) where ω d+1 is the volume of a d + 1-dimensional unit sphere, V is the volume of the torus which the brane wrapped. The Bekenstein-Hawking entropy S and the temperature of black p-brane is
The absorption probability of black 3-brane is [37] 
14)
the absorption cross-section ( the greybody factor ) of the black 3-brane is written [36] 
Geometries related to black p-brane solutions
The near horizon limit of near extremal black 3-brane ( i.e. µ << R, and µ < r << R region ) is written
The above geometry has a horizon µ and is asymptotically AdS 5 × S 5 . This geometry is a kind of "AdS black hole" [46] [47] . We call (2.16) as R 3 AdS 5 ( ×S 5 ) black hole geometry in this paper. The near extremal black 3-brane (2.16) is the low temperature limit of R 3+1 N = 4 SYM, which the low energy theory of D-brane can be applied to derive the entropy [4] . The AdS part of the (2.16) is a certain limit of Schwarzschild-AdS 5 (= "S 3 AdS 5 black hole", 'SAdS' in short) geometry, which corresponds to deconfinement phase of high temperature R 3+1 N = 4 SYM [42] . Contrary to the near extremal black 3-brane, the value of µ/R is not small in that limit, but the expression is the same. Thus, both the low temperature limit and the high temperature limit of R 3+1 N = 4 SYM is related to the R 3 AdS 5 black hole geometry. For p = 3, the near horizon limit of the near extremal black p-brane is 17) by the coordinate transformation
the near horizon limit of the near extremal p-brane is 19) which is the conformal transformation of R p AdS p+2 × S d+1 black hole.
3 Thermodynamics of non-extremal black pbrane
A thermodynamical model ansatz
We introduce an ansatz of microcanonical thermodynamical model for blackbody radiation of non-extremal black p-brane as follows. In the next subsection, we argue the adequacy of this ansatz in terms of geometrical agreement between black p-brane and R p AdS p+2 black hole near the horizon. We also argue the relation between the requirement of the maximizing entropy and the minimizing of the Euclidean action, in next section.
4)
N : charge , V : The volume of the brane , and n is determined so that the entropy is maximized under fixed energy.
Total energy of the black p-brane E total is 5) where Nτ p V is the mass of the black p-brane in the extremal limit (i.e. zero temperature brane).
From the ansatz (3.1) we get (thermal) energy and free energy and entropy:
•Energy:
•Free energy:
•Entropy:
The n and temperature T are obtained by the condition of maximum entropy, as follows.
Rewrite the entropy as
The condition ∂S ∂n = 0 , (3.10)
at fixed E thermal ( or E total ) and fixed charge N yields the following equation
Then the total energy E total is written as
From above (3.12) and the given total energy and charge, we get n. At the same time, we get the temperature as
The second order derivative of the entropy is 14) and the first order derivative vanishes at the one point, thus the above solution is the solution at maximum entropy.
The model has the following characteristics:
1. For a given total energy and charge, the ansatz yields the correct temperature and entropy, which agrees with the supergravity result.
2. The thermal energy E thermal vanishes at extremal limit.
3. The model reduces to near extremal black p-brane thermodynamical model [4] [5] at n N → 0 limit.
4. The second term of (3.6) can be obtained from the thermodynamical model of near extremal black p-brane by replacing the "freedom of the gas" by f (N, n).
5. When we substitute the "freedom of the gas" f (N, n) and the temperature to the absorption probability of near extremal black 3-brane, we get the correct absorption probability and greybody factor of the non extremal black 3-brane.
We explain 4 and 5 in the following.
Characteristic 4
The thermodynamical model of the near extremal black 3-brane is [4] 
where C is constant ( 3π 2 /8) . The N is the number of coincident D3-branes, and N 2 is the degree of freedom of the open string. Replacing the
yields the second term of the (3.6). For p = 3, the similar replacing procedure yields the second term of (3.6)
Characteristic 5
In the following, we show that the absorption probability (and the greybody factor) of non-extremal black 3-brane can be obtained by replacing "degree of freedom of the gas" and temperature in the near extremal result. The absorption probability for the lth partial wave by near extremal black 3-brane calculated in supergravity theory is [31] [37]
In near extremal limit, the parameter R and µ in supergravity can be written by N and T as [37]
Rewriting the absorption probability by N and T ,
(3.19) Replacing N by √ N 2 + n 2 +n and substituting the correct T , and rewriting those by supergravity parameters, we get
This result agrees with the result from the supergravity (2.14). The greybody factor is calculated as (2.15), thus we reproduced greybody factor of black 3-brane by this "replacing".
(Conformal to )R p AdS black hole and non-extremal black p-brane
In this section, we show that the near horizon geometry of non-extremal black p-brane agrees with (conformal to) R p AdS p+2 black hole ×S 8−p geometry. At the horizon, a non-extremal black p-brane has the same geometry with a (conformal to) R p AdS p+2 black hole ×S 8−p . In the vicinity of the horizon, the time direction metric and the radial direction metric of non-extremal black p-brane agree with those of the R p AdS p+2 black hole. The temperature and the entropy (and absorption probability ) can be explained in (conformal to) R p AdS p+2 black hole type. As we mentioned in the previous section, near extremal black p-brane has (conformal to) R p AdS p+2 black hole geometry in the near horizon region. We explain the relation between this geometrical similarity and the "replacing" procedure of the previous section.
In addition, we show that this geometrical agreement actually implies the adequacy of the second term of (3.6) for p = 3.
(The vicinity of ) the horizon geometry
A black p-brane with parameter R 0 and µ 0 is
A (conformal to ) R p AdS p+2 black hole (×S 8−p ) parameterized by R and µ is
First, black p-brane (3.21) and (conformal to) R p AdS p+2 black hole (×S 8−p ) (3.26) is equal at the horizon. In addition, when we expand the time direction metric of the black p-brane (3.21) (we denote it as g tt (r) ) in the vicinity of the horizon,
On the other hand, when we expand the time direction metric of the (conformal to) R p AdS p+2 black hole (×S 8−p ) (3.26) (we denote it as h tt (r)) in the vicinity of the horizon,
The both agree. The same agreement holds for the r direction, g rr . This suggests that there maybe some map between non-extremal black p-brane and (conformal to) R p AdS p+2 black hole (×S 8−p ).
As we mentioned in section 2.2, the near horizon limit of a near extremal black p-brane is also a (conformal to) R p AdS p+2 black hole (×S 8−p ). In fact, (3.23) can be obtained from (2.17) parameterized by µ ne and R ne by the coordinate transformation with constant a ρ = ar , (3.29)
31)
The parameter R ne and µ ne are not independent, since near extremal p-brane is the specific low temperature limit, µ ne R ne << 1. Thus the free parameter of near extremal p-brane geometry is R ne only. In addition to that, we have now the parameter a, then, with those 2 parameters we can transform (near horizon limit) of the near extremal p-brane(3.32) to the (conformal to) R p AdS p+2 black hole (×S 8−p ) (3.23) as
In summary, above relation suggests that some mapping may exist between near horizon limit of the near extremal p-brane and the non-extremal black p-brane (3.21).
The entropy and the temperature
Consider two types of geometry:
•Geometry-A (Conformal to) R p AdS p+2 black hole (×S 8−p ) (3.26) in near horizon region, and asymptotically flat.
•Geometry-B Non-extremal black p-brane background (3.21).
In the following, we show that the entropy and the temperature of the both geometry agree.
Entropy
As we mentioned in the previous subsection, the metric of the geometry A and the geometry B agree at the horizon r = µ 0 . Thus the entropy of the both geometry agree.
Temperature
Defining u as 35) then the Euclidean metric in the vicinity of the horizon can be written
for both geometry A and B. Comparing above with the polar coordinates 37) and, to vanish conical singularity in t−r plane, the period of the compactified
The above agreement of the temperature is owing to the local agreement of g tt and g rr in the vicinity of the horizon.
Relation to near extremal p-brane
As we mentioned, the near horizon limit of the near extremal black pbrane has also (conformal to) R p AdS p+2 black hole (×S 8−p ) type geometry. And we showed that the (conformal to) R p AdS p+2 black hole (×S 8−p ) background (3.26) can be obtained by coordinate transformation of the near horizon limit of the near extremal p-brane. However, the physical temperature does not change by any coordinate transformation. When we make the coordinate transformation on near horizon limit of the near extremal brane, it automatically rescales the asymptotic geometry of infinity. The conical singularity argument or surface gravity argument for the black hole temperature normally requires g tt = 1 at infinity (this means the temperature is measured by the observer in infinity of the black hole). The coordinate transformation makes g tt = 1 at infinity, and taking this into consideration, it does not change the physical temperature.
The definition of the geometry A is "(conformal to) R p AdS p+2 black hole (×S 8−p ) (3.26) in near horizon region, and asymptotically flat", that means near extremal p-brane geometry should be locally transformed in near horizon region (and conserve the asymptotic geometry as non-scaled flat space) to get the geometry A from near extremal p-brane geometry. That means local rescaling in the near horizon region.
When p=3, this local rescaling has clear geometric meaning. The corresponding local rescaling for the near extremal 3-brane is
We compactify x i direction with T 3 of the volume L 3 . Then the near horizon limit of the near extremal 3-brane
is transformed as Denoting the physical temperature and the entropy of the near extremal 3-brane before the local rescaling as T , S and those of the geometry after the local rescaling as T 0 , S 0 ,
The correspondence of the temperature and the entropy above clearly shows that it obtained by the scaling of 1/a for the original x i directions and the time direction. The temperature and entropy of near extremal black 3-brane can be derived from D-brane model (up to constant) [4] , thus the above means that we can realize the thermodynamical model for non-extremal black 3-brane by scaling the D3-brane model by 1/a in directions of x i and t. Actually, such a scaling changes the Newton constant which has dimension. In fact, when we scale the D-brane, the mass density of the D-brane should be changed. Thus the scaling argument above for near extremal pbrane is thought to be only a formal correspondence (for the gas on the D-brane). If we consider the thermodynamics of super Yang-Mills theory apart from D-brane model, this scaling argument may have meaning.
In the previous subsection, we pointed out that mysterious "replacing the degree of the freedom in the near extremal model" procedure yields the correct entropy. That is, the second term of
is merely the term which the degree of freedom of the gas in near extremal model replaced by f (N, n). The reason of this is the above geometrical mapping between black p-brane and R p AdS black hole (and the near extremal black p-brane). When we consider the rescaling factor and make a map to the near extremal p-brane, the degree of freedom should be replaced by exactly f (N, n).
Match of absorption probability and greybody factor
We show below that the equation of the motion of the massless scalar field in geometry A 3-brane and geometry B 3-brane is equal in the low energy region. This equality results in the agreement of the absorption probability (and the greybody factor).
The equation of the motion of massless scalar field in non-extremal black 3-brane background (the geometry B ) is
where ω: energy ( of the scalar field φ ) , l: angular momentum , k: momentum in direction to x i .
We argue the equation of the motion in the low energy region ω T << 1 (where T is the temperature of the black 3-brane) in the following.
The equation of the motion of massless scalar field in the geometry A is, in the near horizon region,
and at infinity, the equation is the same as that in flat background.
The difference of the equation of the geometry A and the geometry B is the term which includes R. When we consider the massless particle propagating in direction to perpendicular to the brane (k = 0), the difference of the geometry A and the geometry B is the ω term only.
•Outer region (µ << r (ρ h << ρ) )
the equation in the geometry B (black 3-brane) is
When µ < R, the equation in the outer region of the geometry B(black 3-brane background) is
From the low energy condition
the R term can be ignored. When ignoring the R term, the equation of the motion is the same as that in the flat space. Thus the equation in the geometry B is equal to that in the geometry A. When µ ∼ R or R < µ, from the condition of the outer region, the equation is the same as the equation in flat space. Thus the equation of the geometry B is equal to that of the geometry A again.
In summary, for every case of R and µ, the equation in the geometry A and that in the geometry B is equal in the outer region.
•Inner region ( µ ≤ r ) When µ < r, the equation in the geometry B(black 3-brane) is
The R term can be ignored since 
The R term also can be ignored because
when µ > O(1). Thus the equation in the geometry A and that in the geometry B is the same, in the region of µ < r.
In the region of µ ∼ r, the R term cannot be ignored in the both geometry, but g rr is the same in the region of µ ∼ r. The R term in the both equation agree since the R term is actually (1/g rr ) 2 . Thus the both equation agree in the inner region.
In summary,
• µ << r The both equation is the equation in flat space.
• µ < r From the low energy condition, the both equation agree.
• µ ∼ r The both equation agree since the 1/g rr is the same in the vicinity of the horizon.
that is, the equation in the geometry A and that in the geometry B is identical in all the region.
The characteristic 5 of our thermodynamical model ansatz:
When we substitute the "freedom of the gas" f (N, n) and the temperature to the near extremal black 3-brane result of absorption probability, we get the correct absorption probability and greybody factor of the non extremal black 3-brane.
caused by the above equality of the equation in the geometry A and the geometry B, since the geometry A is the locally rescaled near extremal black 3-brane. The rescale factor is the exactly the same as the replacing N → √ N 2 + n 2 + n.
The relation to the thermodynamical model
In the subsections 3.2.2, we explained the temperature and the entropy of non-extremal black p-brane is the same as that of the (conformal to) R p AdS p+2 black hole (×S 8−p ) type geometry near the horizon. The near extremal black p-brane also has R p AdS black hole geometry near the horizon, thus a map of near extremal black p-brane and non-extremal black p-brane exists, and this seems to be a reason of the form of the second term of the energy. But generally we cannot say that we can use the same form of the thermodynamical model even if the near horizon geometry is mapped to other known geometry.
We have two parameters for the mapping: R and the rescale factor a. Actually, if we restrict ourselves to the value of the entropy and the temperature, we can make a similar map by various geometries with two parameters,
(3.60)
By adjusting two parameters R and a to agree with the non-extremal p-brane entropy and temperature, we can make a map by arbitrary two parameter geometry other than AdS black hole. However, our ansatz has other properties. It reduces to the model for near extremal p-brane thermodynamics in low temperature limit, and maximizes the entropy( this property has significance when we consider total free energy by supergravity. We argue it in the following subsection ), and agrees with absorption probability of supergravity result . It is difficult to realize all those agreements by simply adjusting two parameters with arbitrary geometry. In these points, the model corresponding to R p AdS black hole geometry has somewhat non-trivial property.
Moreover, the geometrical agreement we argued in previous sections is not limited to area of the horizon. It is the agreement of all the metrics on the horizon ( and two metrics in the vicinity of the horizon ). That is difficult to realize by simply adjusting two parameters, from arbitrary geometry. The original explanation of the black hole Hawking radiation [1] is derived by considering the behavior of massless scalar field in near horizon region and at infinity. In our case, the whole metrics on the horizon agree with R p AdS black hole type geometry and the radial and time direction metric agrees in the vicinity of the horizon. Then, let us examine action ( of the whole space ) of the massless scalar field in geometry A and geometry B.
The Lagrangian of massless scalar field (dilaton field) in black 3-brane is • U(µ) = 1 +
• U(r) is reduced to R d r d at the near extremal limit , and this seems to suggest that the AdS black hole geometry is not necessary. However, suppose that we take the above geometry with U(r) other than AdS black hole geometry. By introducing the similar ansatz of thermodynamical model, we get the expressions like
The A, B must obey maximum entropy condition, and at the maximum point, T and S derived from the expression have to be the correct temperature and entropy of the black 3-brane. At the same time, energy E must agree with the energy of the black 3-brane. Realizing all these exact matches at the same time is difficult, by arbitrary U(r) above. In addition, the R p AdS black hole type geometry emerges at low temperature limit of SYM ( near extremal black 3-brane ) [4] , and emerges also at the high temperature limit of SYM ( SAdS, deconfining phase of SYM ) [42] . Thus the fact that the R p AdS black hole type thermodynamical model has non-trivial property in non-extremal 3-brane (and for p-brane) seems to be reasonable.
3.3
The maximization of the entropy So far, we argued in the vicinity of the horizon. The entropy is determined by the area of the horizon and the temperature is determined by the surface gravity at the horizon. Those quantities are determined in local property of the black hole (strictly speaking, the temperature depends on the global geometry, since the Hawking temperature is defined in the infinity ). Those argument only determines the "gas" term in our ansatz, i.e. the second term of the
We have shown that the geometrical agreement to R p AdS black hole appears to have relation with the second term. How about the adequacy of the first term?
When we consider the first term in addition to the second term, we have to consider the total thermal energy E thermal . In general relativity, the total energy is not defined by local property. Thus we have to study global property of the black p-brane to examine the first term.
On the other hand, our ansatz requires the maximization of the entropy. When we maximize the entropy, we get the correct temperature and entropy. In other words, the correct temperature and entropy are obtained only when the entropy is maximized.
Actually, the maximization of the entropy is a requirement from the supergravity. Free energy of black holes can be calculated by Euclidean action of supergravity [39] [38] . The method is essentially a saddle point approximation to the path integral, as it uses the classical solution which minimizes the action. The temperature T is determined by the requirement of vanishing conical singularity in r − t plane at the horizon (this requirement also contributes to the minimizing of the action ). Even if the temperature is determined, it is not the minimum of the action, it only vanishes the additional conical singularity at the horizon. To get the correct free energy, we have to minimize the action under the resulted temperature. In this process, the global geometry of the black hole which minimizes the action is determined. In this minimization process, if we specify the total energy of the black hole( for example, by specifying the boundary condition at the asymptotic region [39] ), we are executing the minimization under two fixed thermodynamical quantities; the total energy and the temperature. Then, this minimization process of the free energy
means maximization of the entropy. Thus, the maximization of the entropy is the requirement from supergravity to ensure that the black hole geometry is a classical solution. In our ansatz, we have the free parameter n, thus the model must satisfy maximization condition with respect to n, from the above supergravity requirement. The first term of (3.68) ensures that the maximization process yields consistent entropy and temperature, and this implies the first term of (3.68) is appropriate. One subtle point in this argument is the "background subtraction". Actually the free energy is not calculated from the action itself but the difference of the action to the background action [39] [38] . However, as we mentioned above, the Euclidean action method is basically a saddle point approximation of path integral so that both the black hole and the background should be a classical solution which minimize the action.
Another problem is whether the Euclidean action method actually yields the correct free energy of black p-brane or not. We consider it by two situation, one is the action with no boundary term and the total energy specified, and another is the action with boundary term which fixes the total energy.
First, we consider the neutral black p-brane
where d = 7 − p. The neutral black p-brane geometry is Ricci flat, thus the classical action without boundary term yields nothing. But if we compactify x i direction and add small cosmological constant ( for regularization ) to the rest 10 − p dimensional supergravity (or compactify x i directions by S p and fix the degree of the freedom of gravity of the S p direction ), the action has finite value. The metric is
where cosmological constant Λ = − (10 − p)(9 − p) 2b 2 . The above is the SAdS 10−p , then we can apply the same calculation as [38] [42]. The resulted free energy is
Then, making b → ∞ ( cosmological constant Λ → 0, flat limit ), we get
where L p is the volume of the x i directions. On the other hand, the free energy of the neutral black p-brane is
This agrees with (3.74). Thus the Euclidean action method actually yields the correct free energy, if we add the (negative) cosmological constant for regularization. We can obtain the same result when using the action with boundary term [39] , instead of the cosmological constant regularization above. For charged case, there is a difficulty. When using the action with boundary term, the background (reference geometry ) to be subtracted must have the same temperature in proper time at the boundary, and also the background metric should be the same as the black hole metric on the boundary. In addition, the background should have the same charge. The geometry which has same charge and no finite horizon -that is, extremal limit.
But in the extremal limit, the BPS brane exists at the origin which has zero temperature. If we add temperature at the boundary of the extremal geometry, the temperature is blue shifted near the BPS brane of zero temperature. Thus thermal equilibrium does not hold. The background without equilibrium is meaningless when we consider free energy.
On the other hand, when the charge is zero, the background is merely a flat space and we can put the gas of specific temperature in equilibrium. In fact, there is no difficulty in calculation when the charge is zero and we can successfully perform "background subtraction".
Above shows the relation of the supergravity classical solution and the maximization of the entropy for neutral charged brane. We will investigate similar correspondence of entropy maximization and Euclidean action for charged case in future study.
Conclusion and Discussion
In this paper, we introduced an ansatz of thermodynamical model for black p-brane thermodynamics, which yields the correct entropy and temperature and greybody factor at the maximum of the entropy, and showed that the geometrical similarity between black p-brane and AdS black hole geometry near the horizon is related to the various property of the ansatz. And we argued the adequacy of the ansatz.
We also showed that the maximization of the entropy is a requirement from supergravity which ensures the geometry is a classical solution, in terms of Euclidean action method for finite temperature system. We showed that it holds actually for neutral black p-branes.
In non-extremal region, supersymmetry is broken, thus the definite argument including quantum correction is difficult. Our ansatz certainly reproduces the entropy and the temperature of non-extremal black p-branes, however the explanation beyond the geometrical correspondence with other known geometry is unknown. (Log of) the partition function of our ansatz contains the negative term, which might imply that the degeneracy of states decreases. In string theory, the degeneracy of states of the gas is explained by the number of coincident D-branes, and also, non BPS D-brane decays by tachyon condensation. The negative term in the partition function implies that the thermodynamics of the non-extremal black p-brane contains the process of tachyon condensation. Further study is needed for the relation of non-extremal p-brane thermodynamics and string theory.
